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Figure 99. - Front View of Turbine.

29



—t -

futdoTTeOS U2AT: IZNIYL IDN ~ 00T 3anbTtg

(avay) .mmq €€ = ISNIHL HOSSTIIHOD

e ¢ 61

LSOHHL L3N

€1 1°6

(quvmivay) @1 6z - A0TIVOS ON

100

< ‘ e REA ] apb B - AL e ’
- ) o e~
o5 0 i,f - 5 2
N . - e, s




| ' I
Q DATA FROM GTCP36-4 TESTS

; AD-5125~MR, JULY 1968 0.015

& 0.013

rg
«
o

©
S 0.020 41///,/
-0.4

Ve

0.008 //

An - PERCENT EFFICIENCY LOSS

: . N : e -
R T

e

0 0.02 L.C4 0.06 0.08 0.10 0.12

o

CB/b - BACKFACE CLEARANCE RATIO

S Figure 101, -~ Effects of Backface Clearance on Scalloped
Lo Rotor Performance.

101

e — e —— . — ————

— et er e St



. . :
)
I
S STAIOR
: 0ESIGH
i ' 3
L
; )
ea
\
0
‘ A PROG, 1074
4 3-0 SLADE
e OLSCRIPTION
IS il
!
PROG, 1364
. CONPORMAL
S TRANS . 1O
. ‘L : RADLAL
| aevise
' sLADE
SHAPE
o oG, 6081
- { KATSANLS
o FLOM SOLUTION

Ve b ot P L T .

.8
L ?

e <
-
, o g e

€ S
-

—~. 4
¢ v TO0LING
= LATOUTS
S ) . .
Figure 102. - Design Loygic for Inlet Stators.
tl
o
},’
S
i

102




17 VANES

CW ROTATION

VIEW LOOKING
FORWARD

Figure 103. - Mini-BRU Stator Assembly.

103




».

A

A

e TSR LN

e

Y

30,90 D e B

-

20 fc.

)

1. e 1% .. '™ Y™ 1. Y™ 240
MG (1NDES)

Figure 104. - Beta Distribution for Mini-BRU Stators.

104




/T~
400 /£
gf SURPACE
t 300 <
; L~
E 200 / /l

PRESSURE
SURFACR

\/

.01
PATH LENGTH,’

.02
n.

Figure 105. - Inlet 3tator Loading.

e -



ST e
e~ it

> !
g k
! £
L} ki
L o i? )
'ﬁ»; L. ¥
) '
’ : ' ; / ?
R ,! .
»' . ! !
. '
IDEAL RECQVERY / ¥
\ 0.8 / INLET BLOCKAGE ¥
. B, = 0.0l i
; 1 : [ "] ol
; A / //Bl.. 0.02 : :
I 4 E / / . I - b
=, T P
o';" " .
‘, 5 / y \swcouslrm - P
o 'ATIC PRESSURE ,
L o 0.6 i LA e < RISE DESIGNS | P
e > / ' . '
- Am15° :
E g / :g.m;:) ;
; -] A I . - !
g 7 NASA TMX - 2357 (REF. 12)" }
‘1 7] / ; !
- (/] '
i ) A ’
~ B ) Am5e
q‘ e 04— /< &
. 1 o /
Ty
o
- AbENUBI (REF 18) i
ANNULAR DIPFUSERS OF
o CONSTANT LENGTH - CONICAL -
_— : UPPER WALL OF HALF = ANGLE As ;
o OOFI /
3 1.0 2.0 3.0 3.0
¥ AREA RATIO
)
iy
| Figure 106. - Annular viffuscr Performance Opt.
“ Area Ratio for Fixed Length.
,: L
106 -
|
o
i
, {



o

ol Ap

3

-

J

7.“ u .'

107

*ISSNFITA NYLI-TUT - */£(QT @anbtg

9°0 = ad,
S0t = V/q
$°7 = OIIVY VauV
SYTLIWIYL HOXS3Aq

. -
vayv I | . | vauv
?lluawzoo _ NOILOES TYIINOD - ISTY *STY WVANIT

9°y S°¢t 0°¢t $°T (g 4 L 30 4 0°1t L.

)
g
2
Q
O
'SnIaVY

o
NI

‘NI Z¥8°0 = Yy
*NI na_.a - Ty




Sy
]

108

0.5

0.4

o
.
w

o
.
~N

4*-DISPLACEMENT THICKNESS (IN.)

BRU CONICAL

e

0.1

/

L~
R

PRESSURE RISE

- 0
=
2
(]
(5]
2
£ 0.2
[al]
3
g 0.1 /
g MINI-BRU DESIGN >//
] .
2 "
2
-«
RN —— :
0 0.2 0.4 0.6 0.8 1.0

X/L = AXIAL LENGTH RATIO

Figure 108. = Comparison of Calculated
Displacement Thicknesses.

R RRL L S SIS T S SRl S

e ———




——— et e s e S i - - - - -
g
*SUOT3IEDO] BUTIANT [RIBAIS 3B SUOTITPUOD SeH Uesy] - *6071 21nbT 3 —
*NI ‘ZDNVLISIA TVIXV
: 0t 0
- | i
v T T 0
. r A - T g
. L =
6z8°0 BN EES 7
ST L N
L vT8T
£ 1L =
1v°0 = W
8
9°88 = d
(o]
090z = L
o
(DILVLS-OL-TVIOL) XONAIDIJIA DILVEVIAY SUOLVLS €01 = 4
(TVL0L-01-TVIOL) XONATOIL4R OIavaviay - L Iy
YIGHAN HOWH - W
4o TUAINAWAL TVIOL -  °f HONF'Td i
VISd ‘TUNSSAU DIIVIS - °d LN
VISd ‘TUNSSAUd TYIOL - °d 090z = °L
TANLYTONAWO!. s0T = 24
lr
‘ N ® < 7 = . v 2 um R ° N > oz

T




T T T sy e

*uotadTaosag yzed MOTd TRUTA ‘LSUuTaanl nig-TuTl - °*0IT 2aInbTta

STHONI ‘HIONAT IVIXY

9°S 8 v 0°% z°¢ k4 9°1 8°0 ‘oo
NI 26%°0
t ¥°0
! “NI 2¥8°0 4 N e 8
— 3 i 1 S
NI Z8T°T |+ swazirhas ot @ .
| saavid TInd oY . . :
. dOLOY - _zH 62y T} Yz°1 ¢
4 . D
. | ar car-1f| L - {
*NI S€°G=Z SANVA LT 9°1 © w
i rll, : _ _ _ _ 0°z ‘, F
L |
“
—

110




B{‘ﬂ" 9 s T T I
. [ [ r f{ﬂ*"""f, AR N e S e
(\{'1 l N N B N T

)
,*1} Figure ll1l. - Turbine Test Rig lnstallation and

Ingtrumentation Ccontiguration,

111

R ‘L‘"‘,,“j



M
W TN

\“ Figure 112, - rully instrumented Turbine Plenum
Nozzle shroud Asscubly.

o ‘

o \‘ 112

o Ypeari




) o-z‘?**; ~';_ r: Ny b “TV‘M
SR IRRENE I I

S T

|

. L F - FR
- - -
- ,?
g

me. o Tee - o - e -
‘. - : .. .

.. e ) N = € FIe, o o * PR N

- - . —— e . et .+ [ - -

Figure 113, - Mini-BRU Astroloy Turbine Wheel
(machined).

113




]
»
]
.
=
R
Sl

Figure 114. - Mini-BRU Turbinc Test Rig Complete
with 180° Bifurcated Inlet Ducts.

114




}
B

*3n 3 8T USTIT2USLMIAZSUT Jusucdwod SUTMAINT NHE-TUTH - °STIT SANSTI - ;
& ~
T 31ZZON SINOS GINOHD A8 _
a3UNSYIW MO L3N\ aNoYKS ‘L31INI H3ISNI4IA 54 3 T
’ Lu i...,mhw/.,.l.l.... R ! :
B 137N INIgHNL 'L oL BN lﬂ w,
. 1311 3MIBHNL Y8 01 G ~—@NH "LIINI Y2SN2410 °d 9 A
to- s /'MJ s - 1 -
4 13N INITHNL 5d w/ : )
- - — L
ANOHHS HISN441Q ONOTY 5d € - :
w QAOHH3 LEX3 H3ISN4310 5d N
4

gnH LIXI 53ISNda 54 9. |

/f

. 130Q JiLveviay |

1

aa
1x3 Loaa \\
aiivaviav 'L gt

7
Lix3 e3snds1a 4 21

8rH 43sNd410 ONOVY S4 €

9
S ]
+— . ASHYHISIA HOLO0H ¥d 6

. s
wl 3aIs INOHd LIX3 HOLVLS S8 ¢ 3Qis Yv3Y 1IX3 YOLVLS "d &

S
30IS LNOEd 1VOUHL HOLVIS Sd v 301$ ¥Y3Y LYOUHL HOLVIS °d ¢

39VSSVd 20IS INOH4 HOLVLS 5d & I9VSSYd 3QIS HYIu HOLYLS *d ¥

30I1S 1INOYH 13INI HOLVLS 5d 9 L 3a1s Hv3IY 13Nt HO1VLS °d 9

. ~kgal¢¢dg‘ "_‘%-J.%J_-‘A-GAJMJMN_J

1.




000

S0°0

oL'c

SIHONI 'NOISNIWIA LVOYHL

GL0

020

40 o . Dt e o e e
S3IHONI ‘SNIAvYY ¥3oNAax3
880 080 SL0 0L'0 930 090 S50 050
T i T 1 ” i )
_. i ! i _
w | ,
_W ! ub1sapy
: ] ; 1uao.ad TL = 2U00 = T
= | Z U 2515070 = PRy —= - =1
12 , 2’ 89500 = 0Py =
N 14 | )
X ) pel
(%] | -
a ; c
= P ) , _ e
| | .
_ | i ~
! | : - -
. ! , -
| . (s3av1d 0i 40 9AV) - \
: | — Q3unsv3w L ==T l\\\hﬂ
M. - L= m
e - 4 — ! : A.
% ™ | |
— N9iS3a _ .
| . | [ I
— - — - - s - T
" . 4 ) , , i

I T

et el ek od

4

,‘,4,, .

C



FIIUNE TR 1S T )
g i e b cp e nd )

oE n gt L

iy

- ~— o \ - i
- e e - - P —_— e —— — e e = - — ¢
™~
1
- .
N
*383] MOTJ4 I03®3S DUTAIN] NYI-TUTY -~ */TT 2I0bTJI __
|
WV, , LAINI WONE'Id T 4 !
g€ 0°t 8%z 9°C ¥°z z'zt 0°T 8T 9°T %I T O°I
T T T _ T 1 ]
NasI - |
L66080°0 =W ; 9 /5/'M . |
. 9ZL6°0 = — = L =~ =4y v0°0 Z
8L8L0°0 * X H 9 /o/"M >
D)
N——
soo &
szwmoA ¢ m
0dS/ET £550°0 =
oM
8 =
- 0°0 ~ |
\ m -
. \\ =3 ”
QEXII AVAT — % L0°0 . ,M
on _ DoHO[ ¢ LIXd ANISINL \O\ - W
8L8L0°0 = o ﬂw\.. 5 |
\ > |
— - 80°0 & :
z180°0 C - N _ N
——LIXT INIENAL NI ANOOJd ADWAVAT' i
! m “ : _ _ 60°0 “
T R emenon = T



v (T-T)

1.4

1.3

F

U

deAh

"(?-T) a

T
T

1

T

1,2

&2
y
/

Y (1) = "(r-1)/F

T

v (T=T)

0.9

0.8

":tk

0.7

N

O TESTED POINTS OF % N//B ~110
QO TESTED POINTS OF % N/J/® ~100

0.6 [———

0.5

EQUIVALENT \
‘ VALUE

O\ TESTED POINTS OF % N/ ~ 80
{) TESTED POINTS OF % N/+/§ ~60

l | | l

0.4

0.5 0.6 0.7 0.8 1.0
Fy {T-T)
Figure 118, - Hini=BRU Turbine Cold Air ‘test

o Vorsus I-‘v (Total=rotal).

l.l




.y "
b
»
1R |
AR
s_":l y
= R
. 4 -
)
.
4

1.4 T u‘
F, g
(~wes) G6JAh iq
1.3 ! = !
¥ (nwes) T T (T-WES)/Fy (r_ygs)|
1,2
l.1 -
1.0+
0.9 \\g\\;
Oy
% \
0.7 \ \\
\ N
(O TESTED POINTS OF % N//8~ 110 ggg%\éﬁl-sgil‘ug \\
0.6 Q TESTED POINTS OF % N//8 ~100 } !
/) TESTED POINTS OF % N/./B ~ 80
Q) TESTED POINTS OF % N//8 ~ 60
0.5 | | |
[\ W 065 0.6 0.7 0.8 0.9 1.0 1.1 1,2

By (T-WZS)

Fioure 119, = Mini=-BRU Turbine Cold Alr Test
v Veorsus FV (Total=Wheel Bxit static).

119

|

- el - gemas e il S o ANEIINARet . iled T B



TN ;

S .
yY W)

Lo

Y

1:4 T T l.’.r T
F =
V(r-pES) ETAh 44
1 L Il
1.3 Y, = N '
- bY (T~DES) . (T-DLS)/F,, (T=DES)
1.2 |0 BN
8NN
AN
1.1 \ I\
[ ® o \\ .
1.0 QQ\ ‘
8 \
é 0.9 x N
s ‘\\
- N \
0.7 \ \‘
[ 3 . \ \
OTESTED POINTS OF % N/4/6 ~110 . \\
0.6 OTESTED POINTS OF % N//&~100
: O TESTED POINTS OF % N/J/§ ~ 80
{ TESTED POINTS OF % N/J/F~ 60
A R R R ,
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
F, (T-DES)
Figure 120, ~ Mini-BRU Turbine Cold Air Test
) Versus FV (Total-Diffuser Exit Static).
120
B UV U DRI SR o U SO R SO UUP G S B SRUR

—— et - -

——— e [




A ey .- e ey o - .- PO, [ - J—
o s AL LTI - . - b R - < . B s — —_

121

‘09 = §A/N % IOJF OT3IeY 2INSSBAJ SNSISA
AousToTIIA ISOL ATV PTOD SUIQINL NII-TUTW - °*TzT 2anbrta

OIIWd FINSSTIJ
I 0°C 6°1 8T L°T 9°T ¢S°T 1720 S A | ¢°T TI°T 0°1
Sdd~-L , SIM=T,

I-L,
// 09°0

//7 e g
AN

89°0

96°0

AONIIOIALT

ZL°0

VY
4

9L°0

08°0

M'”"“M%&E&&M Y } - ; )

L4

.-
o
1] i
|
P

. . . ., . ’ R * .

- 1
- - - R, L
. giivon . -y o TR o . e LT

- s A - - . A

i
\
)
{
<«
'
\
v
-
o
Ed
W
o
]



A

K

ISR DIy S,

‘08 = §A/N % IO3F OTI®Y ©INSSOId SNSIaA
AouaToT3IId 3ISOL ITY PTOD dUTQINL NUF-TUT]! - °*z2T 2Inbrtg

OLLW FTWNSsSHI4A
1°C 0°¢C 6°1 8°1 L°1 9°1T ‘S°1 ¥°1 €°1 1 1°1 Lt

09°0

¥9°0

SAA-L

I ) FV/J 89°0

L0

AONZIOIddd

A/
//
//

9L"0

08°0

¥8°0

aaie = ¢ P

l22

-
.
»
.- .. e e e . e e e e e e e e L . ] - .
= g BT T W AT Y, T - W g r— et
> r "~ ) L e FL RCAMER -3 ¥ LA I el - .. ot e e - A e ,-.l‘.u,\;..&ﬂ —— .. =
- LT T e RN NS . L e P .o BV R O Ses - §
o a N ° B ) A o s - - . 1
"1




0°¢C

AousTorzyza 3188l ITVY

6°1

8°1T

‘00T = 6A/N % I0J OTI®Y SINSSD2Ig SNSIDA

OILVY ANSSHI

LI 9°T

ST

71 €°1

2 1

PTOD LuTqany N¥g-TUTW - °*€ZT 2Inbra

T°1

0°T

_

SAA~L U e
I=I U~
/

~——
=

=

/‘l
/

OIlvd Wm:mmmm& hzaﬁm zwmmmc

=i

09°0

89°0

ZL°0

9.°0

08°0

¥8°0

ADNAIOIZAH

o3

)

———cem)

B

. s O . .
- ~ il 03 —~ . o )

) ) o - . B - . . . . .
Joumr TS P T Tl . — |
‘ g— — i T T T Y T T T T : N L T .

- =i ) r) N S &3 R i R - iy N -
p = e e . AR G e AR : > L v S
B . ' 3 R L CIE o A 5 .
. ] oo ) N i 1



*0TT = 6/4/N % IO OT3IRY SINSSIIJ SNSIDA
AJusToTI3d 3S8L IATY PIOD SUTQIN N¥E-TUT]] — °*pzT oInbTg

OLLW TANSSTI
T°2 0°¢